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Appendicitis is more common in developed than in developing
societies and appendiceal fecaliths are thought to have an
etiologic role in the disease. The geographic distribution of
appendiceal fecaliths was investigated by systematic, intra-
operative palpation of the appendix in patients in Toronto,
Canada and Johannesburg, South Africa. The incidences of
fecaliths found on pathologic sectioning of the appendix in
appendicitis patients in both societies were compared. In the
Canadian population, the prevalence of fecaliths in patients
whose appendices were palpated incidentally was 32% versus
52% for those with appendicitis (p < 0.01). In the African
population, the prevalence of fecaliths in patients whose ap-
pendices were palpated incidentally was four per cent versus
23% for those with appendicitis (p = 0.04). The difference in
prevalence of incidental appendiceal fecaliths in the two pop-
ulations was statistically significant (p < 0.005). The prevalence
of fecaliths is higher in developed countries, such as Canada,
than in developing countries, such as Africa, and is also higher
in patients with than in those without appendicitis. These data
support the theory that the low-fiber diets consumed in devel-
oped countries lead to fecalith formation, which then predisposes
to appendicitis.

A PPENDICITIS REMAINS the most common indication
I&I for emergency laparotomy in North America. Al-
though its etiology is controversial, in the majority of
patients, appendicitis is thought to be provoked by
obstruction of the appendiceal lumen caused by fecalith
impaction, muscular incoordination, lymphoid hyper-
plasia, or other processes. 1-5

The incidence of appendicitis, which varies among
different geographic populations, is less common in rural
populations in the Third World which ingest high fiber
diets.6'7 We sought to investigate the hypothesis that
fecaliths may be similarly, geographically distributed
and conducted a study in two populations: Canadians
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in Toronto and Africans in Johannesburg. We propose
that diets low in fiber promote the formation of appen-
diceal fecaliths, which may be a significant factor in the
etiology of appendicitis.

Methods

During the course of all laparotomies performed by
two of the authors (BAJ and DD) from July 1983 to
June 1984, the appendix was palpated whenever possible.
The cases were consecutive and unselected. Cases were
excluded if the appendix had already been removed or
could not be palpated, either because of right lower
quadrant adhesions, a retrocecal, retroperitoneal location,
urgency of the primary procedure in an unstable patient,
or because the incision was inadequate for two-handed
appendiceal palpation.

Appendiceal palpation was performed in a standard
fashion. First, the base of the appendix was gently
grasped to avoid inadvertent milking of fecaliths into
the cecum. The opposite hand was then used to palpate
from base to tip. The base was then released and the
appendix palpated a second time, from tip to base,
milking all fecaliths into the cecum. The presence or
absence of fecaliths and their ability to be milked into
the cecum was recorded. Note was also taken of the age
of the patient, the reason for laparotomy, and the
preoperative performance of bowel preparation.

All pathologic specimens of the appendix, removed
from patients with a pathologic diagnosis of acute ap-
pendicitis, were opened and examined over a 6-month
period for the Canadian group of patients (January-
June 1984), and over the course of the entire study for
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African patients. The presence or absence of fecaliths or
other obstructing lesions was noted.

Statistical Analyses

The prevalence of incidental fecaliths palpated during
laparotomy was compared for the Canadian versus
South African group using the chi square test with
Yates' correction. The prevalence of incidental fecaliths
versus fecaliths in acute appendicitis was compared
using the chi square test for the Canadian and Fisher's
exact probability test for the South African group. The
prevalence of incidental fecaliths in the Canadian group
who did not receive a preoperative bowel preparation,
versus those who did, was compared using the chi square
test.

Results

In the Canadian group, 136 patients whose appendix
was palpated at laparotomy ranged in age from 19 to
86 years (mean = 55 years). Fifty-five per cent were
male. The most commonly performed procedures were
cholecystectomy and bowel resection. In the South
African group, 90 patients ranged in age from 13 to 65
years (mean = 31 years). Sixty-eight per cent were male.
Most laparotomies were for trauma.
The prevalence of incidental fecaliths in Canadian

patients was 32% (44 of 136). All fecaliths could be
milked into the cecum. The prevalence of incidental
fecaliths in the South African patients was four per cent
(4 of 90). This difference in proportions was statistically
significant (p < 0.005, chi square test with Yates' cor-
rection).
The prevalence of incidental fecaliths in Canadian

patients undergoing bowel preparation before surgery
was 17% versus 39% for those patients not undergoing
bowel preparation (p < 0.025, chi square test with Yates'
correction). No patient acquired appendicitis in the
immediate postoperative period.

There were 13 African patients who underwent lapa-
rotomy for acute appendicitis during the study period.
Eleven were males and the age range was from 11 to 43
years (mean = 25 years). Fecaliths were observed in
three appendices on pathologic sectioning, an incidence
of 23%. The difference in frequency of fecaliths in
African patients with and without appendicitis was
statistically significant (p = 0.04, Fisher's exact proba-
bility test). In the Canadian group, in a 6-month period
(January to June 1984), 63 patients underwent laparot-
omy for acute appendicitis. The patients, of whom 60%
were male, ranged in age from 3 to 57 years (mean = 23
years). Fecaliths were found in 33 patients (52%) on
pathologic sectioning. An additional two patients were
found to have a carcinoid tumor obstructing the appen-

diceal lumen. The difference in frequency of fecaliths in
Canadian patients with and without appendicitis was
statistically significant (p < 0.01, chi square test).

Discussion

Appendicitis is the most common indication for
emergency abdominal surgery in North America. Despite
its usual benign course after surgery, it is still attended
by major morbidity, and even mortality in some cases.Y°0
Epidemiological evidence is accruing to suggest that
appendicitis is associated with low fiber diets and, there-
fore, may be preventable.

Appendicitis is predominantly a disease of modern
Western culture and of communities influenced by it.
It is rare in traditionally living Africans6'7"' and In-
dians.1''3 Less refined carbohydrate diets ingested in
European countries during both WQrld Wars were as-
sociated with a fall in the prevalence of appendicitis.'4
A lower incidence of appendicitis was also associated
with coarse prison diets," the disease incidence increases
in Africans consuming Western diets.'5

Appendicitis is presumed by most authors to be
precipitated by obstruction of the appendiceal lumen in
the majority of cases. '` An impacted fecalith, associated
muscle spasm, or lymphoid hyperplasia is believed to
be the cause in most patients. Diets low in fiber cause
hard, dry feces relative to those high in fiber.'6"17 The
wider appendiceal lumen in adults due to atrophy of
lymphoid tissue could explain the preponderance of
cases in childhood and adolescence. Softer fecal consis-
tency in Third World communities could account for
their rarity of disease, in spite of the narrower lumen in
childhood.

If appendiceal fecaliths are associated with appendicitis
and low fiber Western diets, fecaliths should have the
same geographical distribution as appendicitis. Their
prevalence should be higher in Western countries, such
as Canada, than in developing countries, such as Africa.
Furthermore, the prevalence of fecaliths in both popu-
lations should be higher in patients with appendicitis
than without.

In this study, incidental fecaliths were present at the
time of laparotomy in 32% of Canadian patients versus
four per cent of African patients (p < 0.005). Palpation
of the appendix during 500 laparotomies for a variety
of ailments in Madras, South India revealed that five
per cent contained fecaliths.'8

In the present study, fecaliths were more commonly
present in both Canadian and African populations in
association with appendicitis than in patients undergoing
laparotomy for other reasons. In the Canadian group,
fecAliths were present in 52% of patients with acute
appendicitis versus 32% of patients undergoing laparot-
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omy for other reasons (p < 0.01). In the African group,
patients with and without appendicitis were noted to
have appendiceal fecaliths in 23% versus four per cent
of cases, respectively (p = 0.04). These data suggest that
appendiceal fecaliths may predispose to appendicitis.

There are other variables differing among patients
with and without appendicitis in this study which may
explain the difference in prevalence of fecaliths. The
mean age in the Canadian group of patients with
appendicitis was 23 years versus 55 years for those
without appendicitis. Similarly, patients with appendicitis
in the African group were younger, although the differ-
ence was less marked (25 years versus 31 years). The
age-related prevalence of fecaliths in both populations
is unknown.

Another factor to be considered is the method of
fecalith detection. Incidental fecaliths were detected by
palpation and fecaliths in patients with appendicitis were
detected by observation of the opened pathological
specimen. In order to test the ability of intraoperative
palpation to determine the presence of fecaliths in the
appendiceal lumen, Moolgaokar palpated 55 appendi-
ces.'9 Appendectomy was then performed and the spec-
imen subsequently opened. Fecaliths were neither pal-
pated nor discovered on opening 32 appendices. In 22
appendices, fecaliths were detected by palpation and
their presence was subsequently confirmed. In only one
case was a thin fecalith found on opening the organ
that had not been appreciated by palpation. These
findings suggest that palpation is a reliable method of
determining the presence of appendicular fecaliths.

Bowel preparation, consisting of a 3-day regimen of
liquid diet, laxatives, and antibiotics, tended to decrease
the prevalence of fecaliths in the Canadian population.
Patients who had not had a preoperative bowel prepa-
ration had a prevalcne of incidental fecaliths at laparot-
omy of 39%, versus 17% for those who had undergone
bowel preparation (p < 0.025). This finding suggests that
reduced fecal viscosity may decrease the prevalence of
fecaliths.
We conclude that fecalith prevalence is geographically

distributed, as is the incidence of appendicitis, being

higher in Western than developing countries. In both
Canadian and African patients, fecaliths are more often
found in patients with appendicitis than those without.
These data provide further support for the theory that
low fiber diets lead to fecalith formation, which in turn
predisposes to appendicitis.

Bibliography
1. Horton LWL. Pathogenesis of acute appendicitis. Br Med J 1977;

3: 1672-1673.
2. Johnson JR. Pathogenesis of acute appendicitis. Br Med J 1978;

1:305.
3. Wangensteen OH, Dennis C. Experimental proof of the obstructive

origin of appendicitis in man. Ann Surg 1939; 110:629-647.
4. Wangensteen OH, Bowers WF. Significance of the obstructive

factor in the genesis of acute appendicitis. An experimental
study. Arch Surg 1939; 34:496-526.

5. Bowers WF. Appendicitis. With especial reference to pathogenesis,
bacteriology and healing. Arch Surg 1939; 39:362-422.

6. Burkitt DP. The aetiology of appendicitis. Br J Surg 1971; 58:
695-699.

7. Burkitt DP. Appendicitis. In Burkitt DP, Trowell HC, eds. Refined
carbohydrate foods and disease. New York: Academic Press,
1975; 87-97.

8. Cryer PE, Kissane J. Appendiceal abscesses. Am J Med 1974; 56:
92-102.

9. Doberneck RC, Mittelman J. Reappraisal of the problems of
intraabdominal abscess. Surg Gynecol Obstet 1982; 154:875-
879.

10. Hauswald KR, Bivins BA, Meeker WR, et al. Analysis of the
causes of mortality from appendicitis. Am Surg 1976; 42:761-
766.

11. Short AR. The causation of appendicitis. Br J Surg 1920; 8:17 1-
188.

12. Hallilay H. Intestinal stasis and cancer in Indians. Indian Med
Gaz 1924; 59:403-406.

13. Bradfield EWC. Report on the surgical work at the Madras
government general hospital, 1923. Indian Med Gaz 1924; 59:
515-518.

14. Walker ARP. In Spiller GA, Amen RA, eds. Fiber in human
nutrition. New York: Plenum Press, 1976; 241.

15. Elliott-Smith A. Changing patterns of disease. In Waller R, ed.
Just consequences. London: Charles Knight and Co., 1971;
143.

16. Cummings JH, Branch W, Jenkins DJA, et al. Colonic response
to dietary fibre from carrot, cabbage, apple, bran, and guar
gum. Lancet 1978; 1:5-9.

17. Eastwood MA, Mitchell WD. Physical properties of fiber: a bio-
logical evaluation. In Spiller GA, Amen RA, eds. Fiber in
human nutrition. New York: Plenum Press, 1976; 109-129.

18. Rangabashram. Personal Communication (1984).
19. Burkitt DP, Moolgaokar AS, Tovey FI. Aetiology of appendicitis.

Brit Med J 1979; 1:620.


